Six experiments were conducted to evaluate the use of fat in diets containing a high level of milk products for weanling pigs. In Exp. 1, 192 pigs (6.6 kg and 23 d ) were used to determine whether milk products ( 0 or 40%) in the diet influenced the utilization of fat ( 0 or 10%). No fat × milk product interactions were found. Adding milk products to the diet improved ( P < .01) ADG, ADFI, and gain/feed (G/ F). Adding fat to the diet did not influence performance. In Exp. 2, 3, and 4, 576 pigs (6.0 kg and 20 d ) were used to determine the influence of fat level on performance. Adding soybean oil (0, 3, 6, or 9%) to the diet from d 0 to 14 after weaning had no influence on growth performance. Increasing soybean oil (0, 2, 4, or 6%) in the diet from d 14 to 35 had no influence on ADG; however, G/F improved linearly ( P < .001).
Introduction
Commercial nursery diets routinely contain 3 to 10% supplemental fat; however, research to support fat inclusion in the diet of weanling pigs is conflicting. In most studies, adding dietary fat to simple cornsoybean meal diets (Leibbrandt et al., 1975; Atteh and Leeson, 1983; Lawrence and Maxwell, 1983) or to diets containing low levels of milk products (< 25%; Cera et al., 1988c) improved gain/feed ( G/F) of weaned pigs with no influence on ADG. Turlington (1988) demonstrated that soybean oil improved both ADG and G/F when added to diets containing high levels of milk products (40%). Adding milk products to the nursery diet has resulted in a consistent improvement in ADG, ADFI, and G/F (Cera et al., 1988b; Tokach et al., 1989; Mahan, 1993) .
The influence of fat or milk product additions to the nursery diet on subsequent performance in the growfinish stage is not well defined. Thus, the objectives of our experiments were to determine the appropriate level of fat addition in diets containing high levels of milk products and to evaluate the influence of fat and(or) milk product additions to the nursery diet on growth performance in the nursery and subsequent grow-finish stage.
Materials and Methods

General Procedures
Housing and Allotment. All experiments were conducted as randomized complete block designs. Pigs were blocked by weight and allotted to six or seven blocks of four dietary treatments in each experiment. Littermates were balanced across pens. Experiments 1Central Experiment Station, Grand Rapids, MN. Pigs were housed in an environmentally controlled facility in 1.2-m × 1.2-m pens with plastic-coated, expanded metal floors. Pens were equipped with one four-hole feeder and one nipple waterer to provide ad libitum access to feed and water. Room temperature was maintained at 32°C during the 1st wk after weaning and reduced approximately 2.5°C each week of the experiments. In the nursery phase of Exp. 6, pigs were housed in double-decked nursery pens that measured 1.1 m × 1.5 m and had plastic-coated, expanded metal floors. These nursery pens were located in an environmentally controlled room at the West Central Experiment Station, Morris, MN.
Diet Formulation and Pelleting. The nursery stage of all experiments except Exp. 5 was divided into two phases and diets were changed between the phases. Phases 1 and 2 were d 0 to 14 and d 14 to 35 after weaning, respectively. In Exp. 5, experimental diets were fed for the entire 4-wk trial. In all experiments, L-lysine·HCl was added with the fat source at the expense of corn to maintain a constant lysine:calorie ratio. This allowed the soybean meal level to remain constant when fat was added to the diet. All other amino acids were calculated to be at least 10% higher than NRC (1988) recommendations for the 5-to 10-kg pig. Soybean oil was used as the fat source in all experiments. Tallow and corn oil also were used for comparison of fat sources in Exp. 5. The soybean oil was a degummed, edible-grade oil. Soybean oil was assumed to contain 7,280 kcal of ME/kg in diet formulation (NRC, 1988) .
Diets containing 40% milk products and 0 to 3% supplemental fat or 20% milk products and 0% supplemental fat were pelleted using a die 2.54 cm thick. All other starter diets were pelleted using a die 4.45 cm thick. The thinner die was used in an attempt to reduce the impact of pelleting on heat denaturing of the milk products (Leaver, 1988) . All pellets were .48 cm in diameter.
Data Collection and Statistical Analyses. Pigs and
feeders were weighed weekly during the nursery stage in all experiments to determine ADG, ADFI, and G/F. Pen was used as the experimental unit for all analyses. All experiments were analyzed as randomized complete block designs using the GLM procedure in SAS (1985) . In Exp. 1 and 6, data analyses involved determining the main and interactive effects of fat and milk products. In Exp. 2, 3, and 4, linear and quadratic effects of dietary fat levels were evaluated with single degree of freedom comparisons appropriate for equally spaced treatments (orthogonal polynomials). In Exp. 5, treatment comparisons were made using the orthogonal contrasts 1 ) control vs added fat, 2 ) tallow vs vegetable oil sources, and 3 ) soybean oil vs corn oil. In Exp. 4, BW on d 14 was used as a covariate in analyzing subsequent performance because all pigs received the same diet from d 0 to 14. Similarly in Exp. 6, BW on d 35 was used as a covariate to determine the influence of nursery diet on subsequent performance in the growfinish stage. In these two experiments, data were analyzed with and without the use of the covariate. Significance of the responses and interpretation of the results was not influenced by the presence or absence of the covariate.
Experiment 1
A total of 192 pigs with an average initial BW of 6.6 kg (5.0 to 8.0 kg) and age of 23 d (20 to 26 d ) were used in this 5-wk growth trial to determine whether the ability of the pig to utilize fat is improved when the diet contains high levels of milk products. Six blocks were used with eight pigs per pen. Treatments were in a 2 × 2 factorial arrangement consisting of two levels of fat ( 0 or 10% soybean oil) and two levels of milk products ( 0 or 40%). The milk products consisted of 20% dried skim milk and 20% edible-grade dried whey. Phase 1 diets were formulated to contain 4.30 g of lysine/Mcal of ME, .8% calcium, and .7% phosphorus and at least 1.4% lysine (Table 1) . A constant lysine:calorie ratio also was maintained during phase 2; however, the ratio was reduced to 3.53 g of lysine/ Mcal of ME. Additionally, the percentage of lysine was lowered to 1.15 or 1.22% to achieve the desired lysine: calorie ratio. During phase 2, the fat level was decreased to 5%. The milk product inclusion was lowered to include only 20% edible-grade dried whey.
Experiments 2 and 3
A total of 192 pigs were used in each of two 5-wk growth trials to determine the appropriate level of fat addition to high milk product diets for the weanling pig. Average initial BW and age were 6.2 kg (4.5 to 7.7 kg) and 23 d (20 to 26 d ) in Exp. 2 and 6.0 kg (4.2 to 7.2 kg) and 20 d (18 to 22 d ) in Exp. 3. Six blocks with eight pigs per pen were used in each experiment. During phase 1 of both experiments, 0, 3, 6, or 9% soybean oil was added to diets containing 20% edible-grade dried whey and 20% skim milk (Table  2) . Diets were calculated to contain 4.28 g of lysine/ Mcal of ME, .8% calcium, .7% phosphorus, and at least 1.4% lysine. The milk product inclusion was lowered to include only 20% edible-grade dried whey for phase 2 of both experiments. In Exp. 2, the fat additions were lowered by 50% to 0, 1.5, 3, or 4.5% during phase 2 (Table 2 ). In Exp. 3, a common 0% added fat diet was fed to all pigs during phase 2 to determine the influence of fat level during phase 1 on performance during phase 2. Phase 2 diets were calculated to contain 3.59 g of lysine/Mcal of ME and at least 1.15% lysine.
Experiment 4
A total of 192 weanling pigs with an average initial BW of 5.8 kg (4.0 to 7.3 kg) and age of 19 d (16 to 22 d ) were used in a 5-wk growth trial to evaluate the appropriate fat level in the second phase of a twophase nursery program. There were eight pigs per pen and six blocks per treatment. During phase 1, all pigs were fed a common diet containing 6% soybean oil, 20% dried whey, and 20% dried skim milk (Table 3) . During phase 2 ( d 14 to 35), pigs were fed diets containing 20% dried whey and either 0, 2, 4, or 6% soybean oil. Diets were calculated to contain 3.59 g of lysine/Mcal of ME and at least 1.15% lysine.
Experiment 5
A total of 196 weanling pigs with an average initial BW of 7.5 kg (6.0 to 11.4 kg) and age of 26 d (24 to 28 d ) were used in a 4-wk growth trial to evaluate various fat sources in the weanling pig diet. There were seven pigs per pen and seven blocks per treatment. A 0% added fat control diet was compared to diets containing 6% supplemental corn oil, soybean oil, or tallow (Table 4) . Diets were formulated to contain 20% dried whey, 4.0 g of lysine/Mcal of ME, and at least 1.3% lysine. Fat sources were assumed to have an equal energy level of 7,280 kcal of ME/kg in diet formulation.
Experiment 6
A total of 240 pigs with an average initial BW of 5.4 kg (3.6 to 7.5 kg) and age of 21 (18 to 24 d ) were used in a growth trial to determine whether the growth and(or) efficiency benefits due to adding milk products and(or) fat to the nursery diet were lost during the grow-finish stage. Six blocks were used with 10 pigs per pen. Housing during the nursery stage was described previously. At 35 d after weaning, pigs were moved to totally slatted, grower pens in the same building that provided .70 m 2 per pig. Pen groups remained intact throughout the experiment. Pig weights and feed disappearance were recorded weekly during the starter and grower stage and every 2 wk during the finisher stage. Dietary treatments were imposed during the nursery stage and all pigs received the same grower and finisher diets. The grower diet was fed from 5 wk after weaning until the average pen weight was 52 to 57 kg. Pigs were fed the finisher diet until the average pen weight was 102 to 107 kg, at which time the trial was terminated. During phase 1, diets contained either 0 or 6% soybean oil and 0 or 40% milk products (20% dried whey and 20% skim milk) in a 2 × 2 factorial arrangement (Table 5) . During phase 2, diets contained 0 or 3% soybean oil and 0 or 20% dried whey (Table 5) . Diets were formulated to contain 4.29 g of lysine/Mcal of ME and at least 1.4% lysine during phase 1 and 3.59 g of lysine/Mcal of ME and at least 1.15% lysine during phase 2. The grower and finisher diets were corn-soybean meal-based diets formulated to contain .78 and .63% lysine, respectively (Table 6 ). The grower and finisher diets did not contain added fat.
Results
Experiment 1.
No interactions ( P > .22) were found between fat and milk product level, indicating that milk product level in the diet did not influence the ability of the young pig to utilize fat (Table 7 ). The addition of 10% soybean oil to the diet had no effect ( P > .20) on ADG, ADFI, or G/F from d 0 to 14 after weaning. After the fat level was lowered to 5% in phase 2 ( d 14 to 35), pigs consuming the high-fat diets ate less feed ( P < .05) and had improved ( P < .05) G/F compared with pigs consuming the diets without added fat. The cumulative results for the 5-wk experiment reflect the phase 2 results with an improvement in G/F and reduction in ADFI due to adding fat to the diet.
The addition of milk products to the diet resulted in an increase ( P < .01) in ADG during both phase 1 and 2 and an improvement ( P < .01) in G/F during phase 1. Adding milk products to the diet also increased ( P < .01) ADFI during phase 2. Thus, ADG ( P < .01), ADFI ( P < .01), and G/F ( P < .05) were all improved for the overall trial when milk products were added to the diet.
Experiments 2 and 3. There were no experiment × treatment interactions ( P > .10) for the phase 1 data from the two experiments, so the data were pooled for analysis. The addition of soybean oil (0, 3, 6, or 9%) to the diet had no influence ( P > .10) on performance during phase 1 (Table 8) . During phase 2 of Exp. 2, G/F improved ( P < .05) linearly as fat level increased from 0 to 4.5%. In Exp. 3, when no fat was added to the diet during phase 2, the cumulative results at 35 d after weaning revealed no differences ( P > .15) in ADG, ADFI, or G/F due to fat level fed during phase 1. Thus, the improvement in G/F found during phase 2 of Exp. 2 was probably a result of the fat addition to the phase 2 diet and not a result of fat level fed during phase 1.
Experiment 4. When all pigs were receiving the same diet during phase 1, mean values for ADG and G/F were 209 g and .870, respectively. Increasing the fat level (0, 2, 4 or 6%) during phase 2 did not affect ADG ( P > .68) or ADFI ( P > .38); however, G/F improved linearly ( P < .001; Table 9 ).
Experiment 5. Adding 6% soybean oil, corn oil, or tallow to the diet had no influence on ADG ( P > .10) of pigs compared with that of pigs fed the control diet (Table 10 ). However, ADFI was reduced from d 0 to 14 ( P < .01) and for the overall experiment ( P < .05) when fat was added to the diet. As a result of the lower ADFI, G/F was improved ( P < .01) due to the Table 11 . Influence of fat and milk products on starter pig performance (Exp. 6) a a Two hundred forty pigs (initially 5.4 kg and 21 d of age) were used with 10 pigs per pen and six pens per treatment. b Fat and milk product levels in starter diets from d 0 to 14. From d 14 to 35, fat and milk product levels were decreased to 3 and 20%, respectively. All pigs received common grow-finish diets.
c,d Milk product response, P < .01 and .05, respectively. e,f Fat response, P < .05 and .01, respectively. g Fat × milk product interaction ( P < .08). h Weight at 56 d is the weight at the end of the nursery ( d 35 after weaning) period. Milk product response ( P < .01). addition of fat to the diet. The only difference between fat sources was a slight advantage ( P < .05) in G/F from d 0 to 14 after weaning for pigs fed the diet containing soybean oil compared with pigs fed the diet containing corn oil. However, this advantage disappeared by the end of the experiment.
Experiment 6. Similar to the results of Exp. 1, there were no interactions ( P > .21) between fat and milk product inclusion in the diet during the nursery stage (Table 11) . Including milk products in the diet did not influence the young pig's ability to utilize fat, confirming our earlier results. Adding 6% fat to the diet did not influence ( P > .15) performance during phase 1 ( d 0 to 14). After the fat level was lowered to 3% during phase 2 ( d 14 to 35), pigs consuming diets containing added fat gained faster ( P < .05) and were more efficient in feed conversion ( P < .01) than pigs consuming diets without added fat. For the entire nursery period, supplemental fat improved ( P < .05) G/F with no influence on ADG or ADFI. Additions of 40% milk products to the nursery diet improved ADG ( P < .01), ADFI ( P < .05), and G/F ( P < .01) during phase 1. Including 20% milk products in the diet during phase 2 also increased ( P < .05) ADG and ADFI. This resulted in an improvement in ADG ( P < .01), ADFI ( P < .05), and G/F ( P < .01) for the cumulative 5-wk nursery period.
During the grow-finish stage, there were fat × milk product interactions on daily gain, daily feed intake, and weight at 180 d of age (Table 11) . Adding milk products to the starter diet increased gain and feed intake during the grow-finish stage when fat was not added to the starter diet (fat × milk product interaction, P < .08). Consequently, pigs fed the high milk product starter diet without added fat were 3.7 to 5.1 kg heavier at 180 d of age than pigs fed the other three diets. However, adding fat to the nursery diet did not improve overall pig performance to market. The weight advantage gained by pigs fed the high milk product diet with no supplemental fat during the nursery stage was not lost during the grow-finish stage.
Discussion
Adding 3 to 10% fat to the diet from d 0 to 14 after weaning had no influence on ADG, ADFI, or G/F in Exp. 1, 2, 3, or 6. Adding fat to the diet resulted in a small improvement in G/F from d 0 to 14 in Exp. 5. The response to fat in this experiment may have been due to the greater weight and age of the pigs at the initiation of the experiment. Adding fat to the diet from d 14 to 35 after weaning improved G/F in every experiment and ADG in Exp. 6. The improvement in fat utilization with time postweaning is consistent with previous research (Cera et al, 1988b (Cera et al, , 1990b Howard et al., 1990 , Li et al., 1990 Øverland et al., 1993) .
From our results and previous research, we conclude that adding fat to diets before 35 d of age for pigs weaned at 21 d of age will not improve pig performance. However, caution must be used before removing all supplemental fat from diets containing high levels of milk products. Milk products are hygroscopic and create friction in the die of the pellet mill (Leaver, 1988) . Leaver (1988) explains that adding fat to the diet aids in lubricating the die to reduce temperature rise in the diet as it traverses the die. Thus, adding fat to the diet helps maintain quality of the milk products during the pelleting process. The ideal fat level for the pelleting process depends on the level of milk products, thickness of the die, and skill of the pellet mill operator (Leaver, 1988) .
The reason that fat utilization is limited in the pig before 35 d of age is not well understood. The lower digestibility of fat by weanling pigs during the initial period after weaning may be part of the problem (Leibbrandt et al., 1975; Cera et al., 1988a,b) . The lower digestibility may be due to a myriad of reasons. Dietary fat causes the sloughing of intestinal villi cells, impairing digestion immediately after weaning (Cera et al., 1988a) . The young pig also has decreased levels of fatty acid binding protein during the first 2 wk after weaning . Furthermore, enzyme secretion and(or) activity may be limited immediately after weaning at an early age. Several researchers (Scherer et al., 1973; Corring et al., 1978; Lindemann et al., 1986; Cera et al., 1990a) have reported that lipase activity and secretion by pancreatic tissue increased with increasing age after weaning. Quantity of calcium and copper in the diet also have been implicated as influencing fat digestibility. High levels of calcium in the small intestine may decrease fat absorption by increasing the formation of fatty acid soaps (Atteh and Leeson, 1983) . Conversely, Dove and Haydon (1992) and Dove (1993) demonstrated that high levels of copper sulfate in the diet improve fat utilization in the young pig.
The lower apparent digestibility may not fully explain the young pig's poorer utilization of energy from fat than that of older pigs. The problem with fat utilization may occur at the tissue level. Cera et al. (1988c) found that supplemental fat decreased nitrogen retention and increased serum urea concentration during the initial 2 wk after weaning. Supplemental fat also increased carcass fat (Endres et al., 1988) and decreased protein gain (Leibbrandt et al., 1975) during this period. These results indicate the young pig does digest and absorb a large portion of the dietary fat and store it as carcass fat. However, during the initial weeks after weaning, the pig may not be able to efficiently catabolize the fat for use as energy. Thus, an energy deficit may occur, requiring the pig to utilize dietary protein as an energy source. This would explain the decreased nitrogen retention and increased serum urea concentration found by Cera et al. (1988c) . If a limitation in fat metabolism exists, further research is needed to determine whether the limitation occurs in lipolysis, transport, or betaoxidation.
Source influences the young pig's ability to utilize fat, especially during the first 2 wk after weaning. Cera et al. (1988b) found corn oil to be more digestible than lard or tallow, but differences in digestibility among fat sources narrowed with time after weaning. However, these differences in fat digestibility did not translate to differences in pig performance. This lack of difference between fat sources was similar to the response we found in Exp. 5 for pigs weaned at 26 d of age. We are unaware of any other trials comparing corn oil and soybean oil. Several experiments have found varying response when comparing either of the vegetable oils with tallow as a fat source for the early-weaned pig (Carlson and Bayley, 1968; Turlington, 1988; Cera, et al., 1989) . The large variation in quality of tallow available to the feed industry would explain the discrepancies in results of different experiments.
When comparing diets with and without milk products in Exp. 1 and 6, adding milk products to the diet consistently improved pig performance. Several researchers have reported similar results (Cera et al., 1988b; Tokach et al., 1989; Mahan, 1993) . The improvement in ADG is a result of improved DM, N, and energy digestibility (Owsley et al., 1986 ) and increased ADFI (Cera et al., 1988b; Tokach et al., 1989) when milk products are included in the diet.
The lack of interaction between fat and milk product inclusion in the diet during the nursery stage is consistent with the results of Cera et al. (1988b) . Including milk products in the diet did not influence the response to fat additions in any of these experiments. Cera et al. (1988b) also found that adding dried whey to the diet did not improve the digestibility or utilization of corn oil. This is contrary to the results of Wilson and Leibholz (1981) and Turlington (1988) , which demonstrated improved fat digestibility when milk products were included in the diet. Our results indicate that fat utilization by the pig is limited before 5 to 6 wk of age regardless of the presence of milk products in the diet.
The impact of dietary ingredients in the nursery diet on subsequent performance has received little attention. Several researchers have demonstrated that moderate nutrient (Zimmerman and Khajerern, 1973; Wahlstrom and Libal, 1983) or total feed restriction (Cole et al., 1968) in the nursery stage is followed by compensatory gain. However, improving pig performance in the nursery stage by changing the complexity of the starter diet has not yielded a consistent compensation in growth during the grow-finish stage. Danielson (1987) and Stairs et al. (1991) found that pigs fed complex diets in the nursery stage grew faster, not only in the nursery stage but also in the grow-finish stage. Recently, Hancock et al. (1994) also found compensatory gain did not occur after pigs were fed a simple nursery diet compared with a complex nursery diet. Conversely, Whang and Easter (1994) found that barrows, but not gilts, compensated during the grow-finish stage to eliminate any advantage resulting from feeding complex diets during the nursery stage. Our results indicate that simple and complex may not be applicable terms to accurately describe the effect that individual ingredients fed during the nursery stage have on subsequent performance. In Exp. 6, adding milk products to the nursery diet improved subsequent pig performance; however, addition of fat to the diet negated this response.
Implications
Adding fat to the diet for pigs less than 28 d of age had no influence on pig performance. Therefore, fat additions to diets for pigs younger than 28 d of age should be done to improve pellet quality or reduce dustiness, but not for performance reasons. Adding milk products to the nursery diet improved pig performance during the nursery and subsequent growfinisher stages. Further research is needed to understand the impact of individual ingredients or diet sequences on subsequent performance. However, when making economic comparisons between simple and complex diets, performance during both the nursery and subsequent grow-finish stages should be considered.
